A definition and a survey of property changes of photochromic systems is given. The known photochromic molecules are treated. A new class of photochromics is introduced, property changes are discussed and a short general overview of applications for classical and new systems is presented.
Chemistry, especially photochemistry is developing rapidly in new directions. Whereas in the past molecules and their properties have been in the center of interest this aspect is only the basis for further problems or questions. Functions of molecules are an additional requirement which have to be investigated. Functions open then a way to applications either in the field of material science or life sciences. Photochromism is an exemplary field in this respect (ref. 1 ). This paper is treating these aspects in the context mentioned. Photochromism can be defined in simple terms as a light induced (at last in one direction) conversion of a species A to an isomer B, where A and B have different absorption spectra and energy content. 
A or hu2
The higher energy content of B in many cases is the driving force for an isomerization back to A . The requirements for photochromism are 1) a light induced isomerization (in the visible spectrum) and 2) 
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A NEW PHOTOCHROMIC SYSTEM Pericyclic reactions are among the most important processes that allow From the processes in Scheme 2 the cyclopentenyl-/pentadienyl-anion interconversion has been shown to be highly efficient in the synthesis of 5 membered ring heterocycles (ref. 19 ).
However no photochromic system based on the 1,5-electrocyclization of pentadienyl-to cyclopentyl anions (or its hetero-derivatives) has been reported in the recent past. We discovered in 1979 (ref. 20) new photochromic molecules based on this pericyclic reaction.
to design and construct a photochromic system. The aza-cyclopentene 1 can undergo a photoinduced electrocyclic ring opening to the aza-pentadiene 2. 1,5-electrocyclization will form the cyclic molecule 1 again. These structural elements are incorporated in the molecules 3 and 4.
Related systems based on the mono-, bis-or tris-aza-cyclopentadiene interconversion were found slightly later (Scheme 4) (ref.
2, 21-24).
CHARACTERIZATION OF THE N E W SYSTEM/MOLECULAR PROPERTIES
The photochromic spiro-dihydroindolizines 3 and its colored form the betaine 4 , as well as its analogs (Scheme 4 ) , show characteristic spectral changes. Irradiation of 3 (Amax : 360-420 nm) with visible light produces the colored betaine 4. The betaine 4 absorbs in an extended spectral region between 500-730 nm. This absorption range is important for applications in simple or more complex devices.
In addition mono-photochromic molecules based on the pyrrolin 1 aza-pentadiene 2 interconversion more sophisticated bis-photochromic molecules where prepared (ref. 25, 26) . These compounds are also photochromic but show a more complex behavior (see 25,26).
Properties
The thermal 1,5-electrocyclization of 4 --> 2 was studied and the thermodynamic parameters for this reaction were determined. A structure reactivity relationship could be established and is based on both semiempirical calculations as well as x-ray structure determinations.
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The main result was that the regions A , B and C of the indolizines 3 (and its analogs) control 1) the rate of 1,5-electrocyclization 4 --> 3 (parameter:k or tl, ) / 2) Amax of betaines 4 (and indolizines 3 ) . This is essential %or designing tailormade molecules with very special properties.
The 1,5-electrocyclization 4 --> 2 was shown to be both regio-(ref.
27) and stereo-selective (ref. 28/29).

Photophysical studies
A photophysical investigation of the photochromic indolizines 3 is given in the following section. Multiplicity studies show that the reaction 3 --> 4 proceeds on an excited singlet path. The stereochemistry of the electrocyclic ring opening 3 --> 4 shows the validity of simple Woodward-Hoffmann arguments for this interconversion. Typical rate data for the photoinduced ring opening 3 --> are collected in 
